Introduction
============

Regular physical activity and good physical fitness are widely accepted as factors that reduce all-cause mortality and improve a number of health outcomes (Kesäniemi et al., [@B23]; Kurl et al., [@B25]; Laukkanen et al., [@B27]; LaMonte et al., [@B26]). A study of Myers et al. ([@B31]) showed that low maximal aerobic capacity is closely related to an increase of untoward cardiac events. Therefore, physical training has been proposed to reduce these events by improving aerobic capacity (Billman, [@B4]). However, enormous heterogeneity in the responsiveness to physical training assessed as the change in peak oxygen uptake $\left( V_{\text{O}_{2}\text{peak}} \right),$ has been observed even in highly standardized training programs (Bouchard and Rankinen, [@B8]; Hautala et al., [@B17], [@B15]). The mean improvements to $\left( V_{\text{O}_{2}\text{peak}} \right)$ have been about 25% of the baseline values, but with a range from no gain to a 40% increase in $V_{\text{O}_{2}\text{peak}}$ (Bouchard, [@B6]; Bouchard and Rankinen, [@B8]). Genetic factors may explain a major part (∼50%) of the inter-individual variation in training response (Bouchard et al., [@B7], [@B9]; Hautala et al., [@B16]; Timmons et al., [@B35]; Hagberg et al., [@B14]). Furthermore, sex, race, and baseline fitness level together accounted for 11% of the variance in the response to 20 weeks of standardized training (Bouchard and Rankinen, [@B8]).

In our previous studies heart rate (HR) variability has been associated with training response accounting for 27% of the change as an independent predictor of the aerobic training response (Hautala et al., [@B17]; Tulppo et al., [@B37]). Particularly, low beat-to-beat HR variability, an index of cardiac vagal tone, has shown to be associated with poor training response (Hautala et al., [@B17]). The magnitude of HR variability is a result of complex interaction between the peripheral and central autonomic regulation mechanisms (Tulppo et al., [@B38]) favoring the hypothesis that also the central nervous system state may be involved in the training adaptation.

In the previous cross sectional study, a good self-rated mental health was positively associated with aerobic fitness in a large population of healthy subjects (Galper et al., [@B13]). Also a large body of studies shows that physical training improves mental health, e.g., by reducing symptom of depression (Dunn et al., [@B12]). Furthermore, dehydroepiandrosterone sulfate (DHEA-S) has shown to be associated with individual differences in exercise training responses (Huang et al., [@B21]), adaptation to the high altitude conditions (Lee et al., [@B29]), and the coping mechanism against psychological challenge (Wang et al., [@B39]). DHEA-S has shown to buffer stress and playing a role in functional recovery in humans. This is emphasizing the potential role of stress in training adaptation (Regelson et al., [@B33]; Herbert, [@B18]; Cruess et al., [@B11]). However, the association between baseline mental stress and training adaptation is largely unknown. Therefore, the purpose of this study was to test the hypothesis that individual self-rated psychological resources/stress may predict the response to highly controlled aerobic training in healthy subjects. We assessed self-rated psychological resources/stress among subjects who subsequently underwent a highly controlled aerobic exercise training intervention at a laboratory condition.

Materials and Methods
=====================

Subjects
--------

The subjects were recruited by newspaper ads. All smokers, subjects with body mass index (BMI) \>32 kg/m^2^, subjects who did regular physical training more than two times per week, and subjects with diabetes mellitus, asthma, any medications or cardiovascular disorders were excluded. We invited 62 subjects to our laboratory (Dept. of Exercise and Medical Physiology, Verve, Oulu, Finland) for a more specific assessment. The number of subjects was selected on the basis of *a priori* power analysis to give 90% power to the responsiveness of $V_{\text{O}_{2}\text{peak}}$ after 2 weeks of endurance training. According the previous study (Hautala et al., [@B17]), 8% improvement in $V_{\text{O}_{2}\text{peak}}$ can be expected after short-term endurance training with SD of approximately ±7%, giving the estimated need for at least 14 subjects for both intervention and the control group. The subjects were randomized into a training group (*n* = 48) and a control group (*n* = 14, seven men and seven women). During the study, four subjects dropped out because of personal or health related problems. Finally, 44 subjects (22 men and 22 women) performed the endurance training program. The Ethical Committee of the Northern Ostrobothnia Hospital District, Oulu, Finland, approved the protocol, and all the subjects gave written informed consent and the investigation conforms with the principles outlined in the Declaration of Helsinki.

Experimental design
-------------------

On their first laboratory day, the subjects completed a health status questionnaire (simple prescreening for prior condition, e.g., medications), self-rated physical condition, self-rated mental stress, and job strain score questionnaire (Appendix; Subjects were using whole numbers as seen in Figure [1](#F1){ref-type="fig"}), gave written informed consent, and were assessed for BMI. All the questionnaires were completed at the quiet laboratory room. Resting electrocardiogram (ECG) was recorded to confirm their cardiac health status. On the second day, blood pressure was recorded and maximal exercise testing was performed. Use of alcohol or strenuous physical activity was not allowed during the test and on the two preceding days.
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After the initial assessment, 44 subjects of the exercise group underwent highly controlled endurance training in our laboratory, whereas the control group was asked to maintain their previous level of physical activity. The training period was 2 weeks, including five consecutive sessions per week (Monday--Friday). The short intervention period was chosen on the basis of the previous studies, which shows that a well-controlled, short-term training intervention increased significantly $V_{\text{O}_{2}\text{peak}}$ in sedentary subjects (Hickson et al., [@B19]; Mier et al., [@B30]; Lee et al., [@B28]; Hautala et al., [@B15]). At the end of the training intervention, all measures were repeated 48 h after the last training session.

Assessment of peak oxygen consumption
-------------------------------------

The subjects performed a graded maximal exercise test on an 839E Monark cycle ergometer (Stockholm, Sweden). The test was started at 25 W, and work rate was increased by 25 W every 2 min until exhaustion. Pedaling was started at 50 rpm and increased by 5 rpm up to 90 rpm, to achieve maximal effort. The subject were encouraged to continue cycling until they could no longer maintain the required pace, at which time the test was terminated. Ventilation (VE), gas exchange (M909 Ergospirometer, Medikro, Kuopio, Finland) and ECG (Cardiolife TEC-7721K, Nihon Kohden, Tokyo, Japan) were monitored continuously during the protocol. The highest oxygen uptake value measured during the test (1-min collection) was taken as the $V_{\text{O}_{2}\text{peak}}$. All the subjects fulfilled the criteria for $V_{\text{O}_{2}\text{peak}}$ given in the literature (i.e., respiratory exchange ratio \>1.1 or maximal HR within ±10 beats of the age-appropriate reference value; Howley et al., [@B20]). The maximal power was assessed as average maximal watts during the last 1 min (absolute power and relative power, watts, and watts/body weight, respectively).

Exercise training
-----------------

The endurance training program (Hautala et al., [@B15]) consisted of cycling on an 818E Monark cycle ergometer for 40 min (Stockholm, Sweden). Each exercise session consisted of a 5-min warm-up period (cycling at 50 and 75 W resistance for women and men, respectively), followed by 30 min of cycling at a resistance that elicited a HR of 75% of maximal HR, and ended with a 5-min cool-down period (cycling at 50 and 75 W resistances for women and men, respectively). Exercise intensity was closely monitored using a Polar Electro HR monitor A1 and the mean HR of each training session was recorded. Endurance exercise training was planned on the basis of the recommendations of American College of Sports Medicine (ACSM, [@B1]). A professional instructor supervised each training session. At the end of each exercise session the subjects were asked to give perceived exertion score (RPE) on the Borg scale of 6--20 (Borg, [@B5]).

Statistical methods
-------------------

The results are expressed as mean ± SD. The normal Gaussian distribution of the data was verified by the Kolmogorov--Smirnov goodness-of-fit test. The differences within the groups were analyzed by two-factor ANOVA for repeated measures with time and interventions. Spearman's correlation analysis was performed between the self-rated questionnaires, training response, age, and baseline fitness (maximal power and $V_{\text{O}_{2}\text{peak}},$ both in relative and absolute units). The data were analyzed using the SPSS software (SPSS 12.0, SPSS inc., Chicago, USA). *P* \< 0.05 was considered statistically significant.

Results
=======

Effects of training intervention
--------------------------------

The $V_{\text{O}_{2}\text{peak}}$ increased 7.4 ± 7.3% (*p* \< 0.001, range from −5 to +26%) in exercise training group and −0.4 ± 7.0% (range from −16 to +12% *p* = 0.87) in control group (Table [1](#T1){ref-type="table"}). The maximal power increased 9.0 ± 5.3% (*p* \< 0.001, range from −4 to +19%) in exercise training group and did not change in control group (*p* = 0.77; Table [1](#T1){ref-type="table"}).

###### 

**The effects of training**.

                                                            Training (*n* = 44)   Control (*n* = 14)   Group × time interaction                 
  --------------------------------------------------------- --------------------- -------------------- -------------------------- ------------- --------------
  Female/male                                               22/22                                      7/7                                      
  Age years                                                 41 ± 5                                     42 ± 4                                   *p* = 0.58
  Height cm                                                 172 ± 9                                    172 ± 8                                  *p* = 0.97
  Weight kg                                                 74 ± 15               74 ± 14              75 ± 9                     75 ± 9        *p* = 0.57
  BMI                                                       25 ± 3                25 ± 3               25 ± 2                     24 ± 2        *p* = 0.62
  BP-sys mmHg                                               124 ± 12              121 ± 11             126 ± 12                   124 ± 9       *p* = 0.61
  BP-dia mmHg                                               79 ± 8                77 ± 7               76 ± 7                     77 ± 6        *p* = 0.43
  **$\textit{V}_{\textbf{O}_{\textbf{2}}\textbf{peak}}$**                                                                                       
  ml kg^−1^ min^−1^                                         34 ± 7                37 ± 7               34 ± 7                     34 ± 7        *p* \< 0.001
  W~max~/kg                                                 2.49 ± 0.43           2.71 ± 0.43          2.47 ± 0.20                2.46 ± 0.33   *p* \< 0.001
  HR~rest~ bpm                                              59 ± 7                57 ± 6               57 ± 10                    57 ± 10       *p* = 0.022
  HR~max~ bpm                                               181 ± 10              180 ± 10             180 ± 10                   179 ± 11      *p* = 0.12
  RER~max~                                                  1.25 ± 0.07           1.25 ± 0.07          1.24 ± 0.07                1.26 ± 0.08   *p* = 0.08

*Values are mean ± SD*.

The average HR during all training sessions was 132 ± 8 bpm and was 74 ± 2% of maximal HR. The average value of RPE at the end of exercise was 14 ± 1.

Correlation between mental stress and training response
-------------------------------------------------------

The self-rated psychological resources/stress at the baseline condition was significantly correlated with the change in $V_{\text{O}_{2}\text{peak}}$ in absolute units (ml kg^−1^ min^−1^, *r* = 0.32, *p* = 0.039) and with the changes in maximal power in absolute units (W/kg, *r* = 0.45, *p* = 0.002; Figures [1](#F1){ref-type="fig"}A,B). The corresponding correlations in relative units (%) were *r* = 0.32 (*p* = 0.033) and *r* = 0.41 (*p* = 0.006) for $V_{\text{O}_{2}\text{peak}}$ and maximal power, respectively. The self-rated psychological resources/stress did not correlate with any fitness parameters at the baseline condition, e.g., for $V_{\text{O}_{2}\text{peak}}$ *r* = −0.045, *p* = 0.772. Other self-rated questionnaires did not correlated with any variables.

The changes in fitness (expressed neither in absolute nor in% units) did not correlate with age or baseline fitness, e.g., the correlation between $\Delta V_{\text{O}_{2}\text{peak}}$ (ml kg^−1^ min^−1^) and age was *r* = 0.11, *p* = 0.47 and between $\Delta V_{\text{O}_{2}\text{peak}}$ and baseline $V_{\text{O}_{2}\text{peak}}$ (ml kg^−1^ min^−1^) was *r* = −0.039, *p* = 0.80.

Discussion
==========

The novel finding of the present study was the association between the self-rated mental stress and training responses after highly controlled aerobic training intervention in healthy sedentary females and males. This data suggest that, among healthy sedentary individuals, low psychological resources and a lot of stressors at the beginning of training intervention results in low training responses in cardiorespiratory fitness and maximal power performance. Because the heterogeneity of individual training responses is not well understood, the present results provide important information of the psychological aspects of training responsiveness.

Effects of training on well-being and mental health
---------------------------------------------------

A large body of cross sectional and longitudinal studies shows that physical training improves various aspects of mental health (Dunn et al., [@B12]; Atlantis et al., [@B2]; Bowen et al., [@B10]; Galper et al., [@B13]; Sjogren et al., [@B34]; Tolmunen et al., [@B36]). However, we were interested in the effects of psychological resources and stress on the training responses. A wide heterogeneity in the training responses at the individual level has been observed even after highly controlled training interventions. However, the association between a baseline mental stress and training responses is unknown. Indeed, the present study results in a clear correlation between self-rated psychological resources and stress analyzed at the baseline condition and training response after highly controlled training intervention. To the best of our knowledge there are no studies that show how psychological resources/stress or subclinical depression affects training response.

Individual responses to aerobic training
----------------------------------------

In accordance with earlier studies, the present study also established a clear variation in the training response after controlled aerobic training intervention. The HERITAGE Family Study based on 720 healthy sedentary subjects showed that age, sex, race, and baseline fitness level accounted together only for 11% of the variance in the adaptation to aerobic training. The strongest predictors of the training response were the sex and the age of the subject's in this order (Bouchard and Rankinen, [@B8]). In the present study after highly controlled short-term training intervention age or baseline aerobic fitness were not associated with training response. Our population is rather small and the age range as well as aerobic fitness range are very narrow and may well explain the lack of association between age, baseline fitness and training response.

Potential mechanisms for low training response
----------------------------------------------

The mechanisms underlying the relationship between the baseline self-rated psychological resources/stress and the training response remain speculative. Stress state may effects to adaptation to training so that training response remains low. In other words, the level of stress is already too high for subjects in low psychological resources group to handle more external stimuli, e.g., exercise training (Huang et al., [@B21]).

In the LiVicordia Study good self-rated health (SRH) is related to psychosocial resources and strong cortisol respond to acute stress (Kristenson et al., [@B24]). In the LiVicordia Study men with good SRH, compared to men with poor SRH had lower baseline levels of cortisol in saliva samples and so they have better ability to adapt to stress. Lower cortisol response to acute stress has been reported in subjects with chronic stress conditions (Benschop et al., [@B3]; Pruessner et al., [@B32]). In the present study low psychological resources and a lot of stressors in life were associated to low training respond. If the self-rated psychological resources/stress reflect also the cortisol level or vital exhaustion state like SRH does, it may also offer one possible explanation to low training respond. Subjects with low psychological resources and a lot of stressors in life may have attenuated cortisol response to acute stress resulting in a low training response in cardiovascular fitness. The association between the level of salivary DHEA-S and training adaptation also supports that concept (Huang et al., [@B21]).

Limitations of the study
------------------------

The main limitation of this study is the method of the mental stress assessment, which is quite narrow and our questionnaire is not published elsewhere. Furthermore, the validity and reliability of the tool has not been studied. On the other hand it was able to show that the self-rated psychological resources combined with the self-rated number of stressors in daily life at the baseline condition correlated with the change in fitness after training intervention. One cannot be certain what exactly the question "How would you assess your psychological resources at the moment?" reflects. However, the question is aiming to measure also stress state as it continuous; "I have a plenty, some or no stressors in my life." Secondly, in many studies individuals experience about their health has been estimated by the question "How would you assess your own health?" and this SRH has been clearly showed its value in research. For example SRH is a strong predictor of mortality (Idler and Benyamini, [@B22]). The second limitation of this study was that we did not measure self-rated psychological resources/stress at the end of the training intervention because we did not think that the evaluation on self-rated resources/stress could change in such a short time.

Conclusion
==========

The present study provides novel information on the contribution of the psychological aspects to the training response. The changes in fitness were very low or absent in the subjects who experience their psychological resources low and a lot of stressors in their daily life at the beginning of short-term training intervention. These observations may have some practical implications. The measurement of mental stress or/and self-rated mental health may become an important variable in the analysis of individual training responses after exercise interventions. Also mental stress should be noticed in the exercise training counseling for the different individuals particularly in cardiac patients which are known to suffer various mood disorders. However, the present findings are very preliminary due to the small sample size and very limited tools to measure mental stress.
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Name:\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

Dear participant,

We request you to assess your physical condition, your psychological resources/stress and your job strain. Mark the point of the line that corresponds to those best. You can also specify your answer to the space under the line.

1.  **How would you describe your physical condition at the moment?**

    1.  1 = my condition is poor, I get tired very easily

    2.  5 = my condition is mediocre, I can take some physical strain

    3.  10 = I am in great condition and I can take plenty of physical strain

    4.  **1- - - - - - -2 - - - - - - -3 - - - - - - -4 - - - - - - -5 - - - - - - -6 - - - - - - -7 - - - - - - -8 - - - - - - -9 - - - - - - -10**

    5.  ---------------------------------------------------------------------------------------------------------

    6.  ---------------------------------------------------------------------------------------------------------

2.  **How would you assess your psychological resources and stress at the moment? Consider you entire life situation, in other words both work and personal life**.

    1.  1 = psychological resources are very low, there is plenty of stressors in my life

    2.  5 = psychological resources are moderate, there is some stressors in my life

    3.  10 = psychological resources are good, stressors in my life are not worth mentioning

    4.  **1 - - - - - - -2 - - - - - - -3 - - - - - - -4 - - - - - - -5 - - - - - - -6 - - - - - - -7 - - - - - - -8 - - - - - - -9 - - - - - - -10**

    5.  ---------------------------------------------------------------------------------------------------------

    6.  ---------------------------------------------------------------------------------------------------------

3.  **How much your work is wearing your psychological resources?**

    1.  1 = work does not wear my psychological resources at all

    2.  5 = work wears a lot my psychological resources, but I still have energy on free -time

    3.  10 = work is consuming all my psychological resources, I do not have the energy to do anything else

    4.  **1 - - - - - - -2 - - - - - - -3 - - - - - - -4 - - - - - - -5 - - - - - - -6 - - - - - - -7 - - - - - - -8 - - - - - - -9 - - - - - - -10**

    5.  ---------------------------------------------------------------------------------------------------------

    6.  ---------------------------------------------------------------------------------------------------------

4.  **What kind of goals and hopes you have considering your well -being and this study?**

    1.  Please, write your goals and hopes in order of importance.

    2.  ---------------------------------------------------------------------------------------------------------

    3.  ---------------------------------------------------------------------------------------------------------
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